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Preface

Forest ecosystems are complex and dynamic. Asaresult, our understanding of
easystems and our ability to predict how they will respond to management adionsis limited.
Together with changing social values, these knowledge gaps lead to uncertainty over how best to
manage British Columbia’s forests. Despite these uncertainties, forest managers must make
dedsions and implement plans. Adaptive management is a way for forest managers to proceed
responsibly in the faceof such uncertainty. It provides a sound alternative to either "charging
ahea blindly" or "being paralysed by indedsion”, both of which can foredose management
options, and have social, emnomic and ewlogicd impads.

Adaptive management may be particularly valuable for testing, refining and improving the
Forest Pradices Code. Although the Code is based on the best avail able information and
expertise, it requires forest managers and workers to implement many new, previously untested
strategies. Managers are facal with questions sich as: How do | implement the guidelinesin a
way that will med management objedives? Which of several possble adions sould | implement?
There ae dso uncertainties about whether spedfic guidelines provide alequate protedion for
non-timber values, and whether others placeunnecessarily tight constraints on timber harvesting.
Adaptive management offers a powerful way for addressng these questions.

Adaptive management is aformal, systematic, and rigorous approach to leaning from the
outcomes of management adions, acoommodating change and improving management. |t
involves g/nthesizing existing knowledge, exploring alternative a¢ions and making explicit
forecasts about their outcomes. Management adions and monitoring programs are caefully
designed to generate reliable feadbadk and clarify the reasons underlying outcomes. Actions and
objedives are then adjusted based on this feedbadk and improved understanding. In addition,
dedsions, adions and outcomes are caefully documented and communicated to others, so that
knowledge gained through experienceis passed on, rather than being lost when individuals move
or leave the organisation.

Leaning from experienceis always valuable. A rigorous, deliberate gpproac to learning
is appropriate whenever there is sgnificant uncertainty about possble outcomes of aternative
adions and where delaying adion is either unnecessary or would have unaccetable eologicd,
eoconomic or social impads. To be dfedive, adaptive management requires a ommitment to
learn and adjust, adequate resources (e.g., for monitoring and data analysis), and accessto
necessary expertise. Be avare that complex, contentious problems will require more skill and
expertise than simple problems and may take longer to resolve.

Adaptive management was developed in the 1970s by C.S. Holling and co-workers at the
University of British Columbia and the International Institute for Applied Systems Analysis. Since
then, it has been applied to arange of spedfic isaes, including rehabili tation of salmon stocksin
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the Columbia River Basin, management of acid rain, and water management in the Florida
Everglades. Its application to forest management issues is now receiving increasing attention.
For example, ten "Adaptive Management Areas’ are now operating in the U.S. Pacific
Northwest, the Clayoquot Sound Scientific Panel recommended an adaptive approach to
managing Clayoquot Sound, and Alberta-Pacific Forest Industries (AlPac) has adopted adaptive
management as principle for guiding operations in its large Forest Management Areain Alberta.

Thisintroductory guide is intended to promote and assist with the application of adaptive
management to arange of forest management issues in BC.

Adaptive management is a systematic process for continually improving management policies and
practices by learning from the outcomes of operational programs. Its most effective form-"active”
adaptive management—employs management programs that are designed to experimentally
compare seleded policies or pradices, by evaluating aternative hypotheses about the system
being managed.”

From Nyberg, J.B. 1998 Statistics and the pradice of adaptive management. Pages 1-7 in
Statisticd Methods for Adaptive Management Studies, V. Sit and B. Taylor, (editors). Land
Manage. Handbook 42, B.C. Ministry of Forests, Victoria, BC.
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Introduction

The purpose of this document is to assist those who wish to apply adaptive management,
by providing a quick overview of the six main steps involved: 1) problem assessment, 2) design,
3) implementation, 4) monitoring, 5) evaluation, and 6) adjustment. The framework formed by
these six stepsisintended to encourage a thoughtful, disciplined approach to management,
without constraining the creativity that is vital to dealing effectively with uncertainty and change.
The details of how the steps are applied and the level of rigour used depends on the problem and
on the imagination of participants. This guide isintended to provide direction, stimulate thought
and augment discussions with resource people; it is not a detailed "how-to" manual. Nor isit a
comprehensive discussion of adaptive management; those who want more background
information can refer to the key references cited at the end of this document.

The six main steps in adaptive management are shown in Figure 1. Step 1 (problem
assessment) is often done in one or more facilitated workshops. Participants define the scope of
the management problem, synthesize existing knowledge about the system, and explore the
potential outcomes of alternative management actions. Explicit forecasts are made about
outcomes, in order to assess which actions are most likely to meet management objectives.
During this exploration and forecasting process, key gaps in understanding of the system (i.e.,
those that limit the ability to predict outcomes) are identified. Step 2 (design) involves designing
amanagement plan and monitoring program that will provide reliable feedback about the
effectiveness of the chosen actions. Idedlly, the plan should also be designed to yield information
that will fill the key gaps in understanding identified in Step 1. It is useful to evaluate one or
more proposed plans or designs, on the basis of costs, risks, informativeness and ability to meet
management objectives. In Step 3 (implementation), the planis put into practice. In Step 4
(monitoring), indicators are monitored to determine how effective actions are in meeting
management objectives, and to test the hypothesised relationships that formed the basis for the
forecasts. Step 5 (evaluation) involves comparing the actual outcomes to forecasts and
interpreting the reasons underlying any differences. In Step 6 (adjustment), practices, objectives,
and the models used to make forecasts are adjusted to reflect new understanding. Understanding
gained in the each of these six steps may lead to reassessment of the problem, new questions, and
new optionsto try in a continual cycle of improvement.
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FRAMEWORK FOR ADAPTIVE MANAGEMENT

Assess problem

In redity, some of the steps outlined will overlap; some will have to be revisited; some
may be better done in more detail than others. All steps $ould be planned in advance, though it
may be necessary to modify them later. All six steps are essential to adaptive management:
omisson of one or more will hamper the aility to lean from management adions. In addition,
documenting the key elements of ead step, and communicating results are arucial to building a
"legagy of knowledge", espedally for projeds that extend over along time.

This guide summarizes the key points to consider in eat step and provides a cdhedlist for
quick reference. We have dso included suggestions for creaing the anditions that will fadlitate
long-term leaning by individuals and their agencies, companies or communities. Some potential
barriers to adaptive management, and suggestions for overcoming them, are noted in Appendix 2.

Leaning how to do adaptive management is itself an adaptive process Please let us know
what works and what doesnt. We would appredate feedbad on the value of the outlined
framework, how it could be improved, and how you applied it to different problems.

What are we trying to accomplish through adaptive management?

« find better ways of meeting goals

o identify key gaps in understanding

improve understanding of ecosystem responses, thresholds and dynamics, in order to
adapt practicesto fit changing social values and ecological conditions

gain reliable feedback about effectiveness of alternative policies/practices

encourage innovation and learning

pass on information and knowledge gained through experience

foster an organizational culture that emphasizes learning and responsiveness

in some cases, adaptive management may also help detect cumulative, long-term, large-
scale, and emergent effects of actions
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1. ASSESS PROBLEM

This step may be done in aworkshop or series of
workshops that bring together people with a
variety of perspectives, skills, and areas of
expertise. It isimportant to involve those who
will implement, monitor and be affected by plans,
as well as managers and scientists. For example,
aworkshop could bring together: forest
managers, policy advisors, forest workers,
scientists, First Nations, other forest users and
people from local community groups. Simple
problems will typically involve fewer people than
complex problems.

For complex or contentious issues, it may be
valuable to bring in 1-2 outside facilitators who,
between them, speak the language of the relevant
disciplines, are skilled at managing people, bring
a systems perspective to issues, and are unbiased
about the outcome. Facilitators should be
involved early in the process and can help with
both workshop preparation and follow-up.

In the workshop, participants first synthesize
existing knowledge by developing a model of the

system, and then use the model to explore
different management options. For simple
problems, the model may be a smple diagram or
graph. For more complex problems (e.g., those
where actions are projected over time and space),
a computer simulation model is valuable. In
some cases, it may be possible to modify an
existing model. The steps outlined below are
applicable regardless of the type of model used.

Although the key points below are presented in a
numbered sequence, keep in mind that problem
assessment is an iterative process. Be willing to
return to earlier stepsif necessary. For example,
the exercise of exploring the effects of
management alternatives may suggest new
objectives, different management alternatives, or
even that the problem should be addressed at a
different spatial or temporal scale.

The elements of an assessment workshop are
described in more detail in Appendix 1.

1.1 Define scope of management problem.

Define spatial scale, temporal scale, and range of factors (i.e., values) to be considered.

o Define sengitivity of resource values (e.g., consider risk of damage).
o Consider aspects of the system that affect indicators or that are likely affected by

management actions.

o Avoid defining problem in terms of preconceived solutions, since this would limit the

development of imaginative alternatives.

o Consider long-term, cumulative and large-scale effects of management actions.

1.2 Define measurable management objectives and list potential management actions.

1.3 ldentify key indicators for each objective.

o Indicators are measurable attributes of system behaviour that allow you to weigh
management options and, eventually, assess outcomes.

o Sdlect indicatorsthat are relevant to objectives and responsive to management actions.
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Take into account the cost and practicality of measuring each indicator.

Select some indicators that respond in the short term, some in the medium term, and some in
the long term. Select indicators that respond at different spatial scales (e.g., Site, landscape,

region).

1.4 Explore effects of alternative actions on indicators.

Develop a conceptual model of the system: outline linkages and describe the functional
relationships between actions and indicators (e.g., using box-and-arrow diagrams, graphs,
equations).

If warranted, modify an existing simulation model or build a new one to represent the
conceptua model. Simulation models are particularly valuable for projecting changes over
time and space and assessing the integrated consequences of a suite of actions.

Use the model (whether it is a simulation model or conceptual model) to explore the effects
of alternative actions.

1.5 Make explicit forecasts about response of indicators to alternative management actions.

Forecasts can be based on outputs from simulation models or, for simple problems, on the
graphs or diagrams used to describe the relationships between actions and indicators.

1.6 ldentify and assess key gaps in understanding (key uncertainties).

Through exploring alternatives and forecasting responses, key gaps in understanding of the
system will emerge. Express these key uncertainties as alternative hypotheses of system
function. Hypotheses can be expressed as simple graphs, or where appropriate smulation
models exist, as functional relationships or sets of model parameters.

Consider the relationship between action(s) and indicators over arange of conditions (i.e.,
how will an indicator respond to different degrees of atreatment?).

Assess the sensitivity of forecasts and management choices to alternative hypotheses. |If
different hypotheses lead to different forecasts or management choices, then it is worthwhile
designing a management experiment that will discriminate between themt. (In modelling, this
step is commonly referred to as "sensitivity analysis' because it involves assessing how
sensitive model outputs are to different model assumptions or inputs).

Helpful tools & techniques

AEAM workshops (see Appendix 1)
conceptual models (e.g., box and arrow diagrams of potential impact pathways)
simulation models

lUnderstanding of complex and dynamic ecological systemswill always be incomplete. However, not all gapsin
understanding necessarily need to befilled in order to decide between alternative management actions. For example,
where different assumptions lead to the same forecast, or to the same choice of management action, thereis no need to
resolve the uncertainty about which assumption is "correct”.
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2. DESIGN MANAGEMENT PLAN

The purpose of thisstep isto design a
management plan and monitoring program that
are informative and provide reliable feedback.
The most informative plans are those that are
deliberately designed as management
experiments, to discriminate between the
alternative hypotheses formulated in Step 1.
Typically, thisinvolves comparing a range of
management actions. This approach is referred
to as "active adaptive management”. The
aternative, referred to as "passive adaptive
management", is to assume that the most
plausible hypothesisis true, and then implement
the action or set of actions that the model
forecasts will have the best outcome.

Active adaptive management usually provides
feedback that is more reliable and less
ambiguous than passive adaptive management.
However, passive adaptive management may be
the best (or only) aternative where:
it isimpossible or impractical to design a
powerful experiment;
- the ecological costs of testing a range of
actions is unacceptably high;

- thereisahigh level of certainty and
agreement about which hypothesisistrue,
and thus which action is best;

- past actions or natural disturbances provide
reliable information about response over a
range of conditions.

Often, it is worthwhile evaluating several
designs, one of which may be a "passive"
design. In some casesit may be valuable to test
actionsin a pilot project before testing them at a
larger scale, in order to narrow the range of
plausible actions, and refine methodologies. In
Situations or areas where the risk of damage is
high and irreversible, Steps 1 and 2 may lead to
the decision to postpone any management
intervention until research and trialsin less
vulnerable areas provide more information.

At this stage it is also important to plan - at
least in a preliminary way - how the data will be
managed and analysed; how actions, objectives,
and models will be adjusted; and how
information will be communicated.

2.1 Design management plan and monitoring program.

o Consider anumber of management options, for example: a passive approach, where one
action is implemented; an active approach, where several aternatives are compared; or
testing arange of options at a pilot scale, before testing one or more at a larger scale.

o |dedly, awell-designed management experiment should include controls; replication of
treatments in space and time; allocation of treatmentsto control for bias and environmental
gradients, and to ensure statistical independence; and evaluation of confidence levels and
power. Researchers and statisticians can provide valuable assistance in designing

management experiments.

o |If necessary, consider how and when to relax some of the design principles; note the
conseguences this will have for how the results are interpreted, and for the value of the

resulting information.
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2.2 Evaluate management optiong/alternative designs, and choose one to implement.

o Evaluate the proposed plan or plans, on the basis of ability to meet long term objectives,
ecologica and economic costs, risk of negative outcomes, and ability to fill key gapsin
understanding. Decide which proposed plan to implement.

2.3 Design monitoring protocol.
o Specify:
- thetype and amount of baseline (pretreatment) data required;
- frequency, timing, and duration of monitoring;
- indicatorsto be monitored at each interval,
- appropriate spatial scales for monitoring different indicators;
- who isresponsible for undertaking different aspects of monitoring.
2.4 Plan data management and analysis.
o Specify method(s) that will be used to analyse data.
o Set up system for managing data over the long term (e.g., storage, analysis, access).

o Agree onwho will interpret data and who will have access to it.

2.5 State how management actions or objectives will be adjusted.
¢ |dentify who needs what information when in order to make timely changes.

o Define the intensity and degree of response in an indicator that will trigger a change in
management actions or objectives.

o Adjustments should reflect the trade-off between the costs of acting if preliminary results
later prove to be incorrect, and the costs of not acting if they later prove to be correct.

2.6 Set up system to communicate results and information.

Helpful tools & techniques
e Quantitative decision analysis (see Keeney, 1982; McAllister and Peterman, 1992)
e project plan that documents uncertainties, design, and other parts of Steps 1 and 2
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3. IMPLEMENT MANAGEMENT PLAN

3.1 Follow the plan!

o Insome circumstances, it may be necessary to deviate from the original plan: decide when
and what type of deviations are acceptable. Ensure that these circumstances are clear and
accepted by all partners. Otherwise, the "tyranny of small decisions’ may eventually
invalidate the plan or lead to loss of confidence and support by partners.

3.2 Monitor implementation and document any deviations from plan.

4. MONITOR

Monitoring is often neglected in conventional models (i.e., hypotheses) of how the system
approaches to management, yet it iscritical to  functions, and take appropriate corrective
improvement. Monitoring allows you to assess action. Monitoring can also determine if actions
how actions actually affect indicators. This were implemented as planned, and may detect
information then allows you to evaluate the "surprising” events.

effectiveness of aternative actions, adjust

4.1 Monitor for:

o implementation or compliance (did we do what we planned?);
o effectiveness (did the plan meet objectives?);
o vadlidation of model parameters and relationships (which hypothesisis correct?);

4.2 Follow the monitoring protocol designed in Step 2.

Helpful tools and techniques

e consider using volunteers for some types of monitoring

o consider developing new, innovative and inexpensive monitoring techniques (e.g., videos or
photographs of sites)
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5. EVALUATE

management experiment and monitoring
program. Better designs permit stronger
inferences. Negative or unexpected outcomes
can be as informative as positive, predicted

In this step, data are analysed and actual results
are compared to forecasts made in Step 1. The
evaluation should explain why results occurred

and include recommendations for future action.

Outcomes can be the result of the management outcomes.

action, confounding factors not under your Results, whether expected or unexpected, must
control, or both. The strength of your be documented and communicated, so that
inferences (e.g., that the action lead to the knowledge and experience are passed on to
outcome) depends on the design of the others facing similar problems.

5.1 Compare actual outcomesto forecasts madein Step 1.

o Evauate the reasons underlying any differences between actual and forecasted outcomes.
Were the objectives met? If not, why not?

o Evaluate to what degree tested hypotheses are supported by the results.

5.2 Document results and communicate them to others facing similar management issues.

6. ADJUST
Information must be used in order to have adjustments are rarely as smple as those
vaue. Information gained through the proposed initially. In addition, management
preceding five steps should be used to verify or  experiments may yield some useful information
update the models used to make the initial that was not anticipated. Well-defined feedback
forecasts, and adjust management actions as loops are intended to ensure that information is

necessary. Objectives should be reviewed and  used promptly and appropriately; they are not
adjusted to ensure that they remain consistent ~ meant to be rigid rules that frustrate adaptation.

with overall goals and values. Often, new information will suggest new

In order to facilitate change, participants should management solutions, or new questions to

consider at the outset (i.e., in Step 2) how answer...leading to another cycle of assessment,
actions might be adjusted. However, results design, implementation, monitoring and
arerarely as clear as anticipated, and thus evaluation.

6.1 ldentify where uncertainties have been reduced, and where they remain unresolved.

6.2 Adjust the model used to forecast outcomes (Step 1) so that it reflects the hypothesis
supported by results.
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6.3 Adjust subsequent management decisions and policies, and reevaluate objectives, as
necessary.
o Indeciding what adjustments to make, consider the reasons underlying differences
between expected and actual outcomes (Step 5).

o Future actions should be based on which hypothesis of system function was supported by
the results.
6.4 Make new predictions, design new management experiments, test new options.
e ie,returntosteplor 2

o Infuture management experiments, address unresolved or newly-identified uncertainties
that affect predicted outcomes and decisions about which actions to implement.

Documenting plans and communicating results

Documenting plans and communicating results are crucia elements of adaptive management. The
impact of many management activities can be assessed reliably only over the long term. All
aspects of adaptive management, including funding, project co-ordination, data handling, and
dissemination of information, must be designed to accommodate the potentially long time frame.
1. Document all major stepsin the process including:

« functional relationships, models, key uncertainties;

¢ reasoning behind the choice of management plan, monitoring program and expected
outcomes;

e methods, sites, treatments;
o participants and their roles and responsibilities.

2. Ensure that such information is accessible over the long term, and in the event of turnover
in participants.

3. Definewho isresponsible for co-ordinating and for carrying out each task.
4. Set timelinesfor carrying out each task or part of project.

5. Didtribute interim and final results.

e A number of avenues can be used to communicate results, including
written progress and final reports, presentations, seminars, field trips, informal discussions,
posters.

» In communicating the results, specify which uncertainties have been reduced, and how this
affects understanding of the system and future management actions.
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Creating success: what you can do to facilitate learning

Projed leaders play a aucia leadership role in encouraging the conditions that fadli tate alaptive
management. In particular, institutional environment and individual attitudes are &s criticd to
effedive adaptive management and learning as the adual stepsfollowed. Thereis an extensive
body of literature that discusses "organizational leaning”; we encourage you to refer to some of
the references listed on page 18. Below are some spedfic recommendations for creding success
in adaptive management.

1. Create an atmosphere and promote an attitude that is conducive to long-term learning -
where:

o mistakes are recognized as the price of innovation and are treaed as opportunities to
lean;

o thedesre (incentive) to improve is greaer than the fea of failure;

o thereismore patience and lessdemand for quick fixes;

o people ae eplicitly rewarded for innovation and learning (i.e., in performance
evaluations).

2. Ensurethat all participants have a clear, consistent understanding of adaptive
management.

3. Build contingency plansinto project to deal with:
o potentially negative outcomes of some treaments;

o unanticipated and uncontrollable events that compromise design (e.g., wildfires that
destroy replicaes);

o interruptionsin funding;

e externa presauresto ater projeds.

4. Anticipate potential barriers and develop strategies for overcoming or minimizing them.

o SeeAppendix 2.

A Final Comment

In using this introductory guide, kegp in mind that adaptive management is like painting: knowing
the steps isimportant, but it isnt enough to crede grea art. Potential projed lealers and
participants are encouraged to use other resources, including those offered by the BC Forest
Service Adaptive Forest Management initiative. We must learn how to do adaptive management
by doing it.

10
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APPENDIX 1

Adaptive Environmental Assessment and Management (AEAM) Workshops

AEAM is a process where participants with a diversity of skills and expertise are brought together in a
workshop or series of workshops to assess a management problem and explore management options.
Usually, participants work with modellers to develop a computer simulation model that they then use to
explore various "what if..?" scenarios and evaluate potential outcomes of different management actions.
In addition, significant benefits are derived from the process of building the model. The workshops are
intended to encourage debate about system response to management actions and to stimulate a creative
search for new solutions, rather than build consensus around a single solution. In some cases, the scope
of the problem and the options explored will be bounded by prior decisions about land-use (for example,
those defined in Land and Resource Management Plans, or other regional or local land-use plans).

The AEAM workshops are valuable for:

building a common understanding of the problem;
synthesizing existing knowledge;

highlighting key uncertainties and clarifying assumptions;
stimulating cregtivity and generating new management options.

The model alows participants to:
e project potential effects over time and space;
o forecast potential effects of cumulative management actions; and it
e providesaconsistent basis for participants to discuss and evaluate management options.

AEAM workshops typicaly involve the steps outlined below, although they can be tailored to suit the
management problem and available budget. In some cases these steps will be done in asingle
workshop, over one or several days; in other cases, they may be done in a series of workshops, with
some participants working on particular aspects of the problem in between. Work is done in both
plenary sessions and sub-groups.

While model-building is valuable for focusing discussion, workshops where time or budget constraints
preclude computer modelling can still be useful. The development of conceptual models isitself a very
worthwhile exercise. To maximize the value of the workshop, objectives and expectations must be
clearly understood by all participants, including the modellers and facilitators.

AEAM is an iterative process - later steps may lead to reevaluation and reiteration of earlier steps. For
example, it may be useful to model the problem at severa different spatial scales. Similarly, exploring
the effects of management options may suggest alterations to model parameters or relationships, or new
optionsto try.

Steps that were outlined in section 1 (Assessing Problem) are noted.

11
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Prior to thefirst workshop, typicaly in a meeting between the facilitator(s) and the project
leader(s):

1. Identify key participants.

The first workshop may involve 20-30 people, including:
o modellers/facilitators
o forest managers and planners
o "knowledge experts' from arange of disciplines (e.g., hydrologists, wildlife biologists, fisheries
biologists, social scientists, etc.)
policy-makers
forest workers
people with local knowledge
other stakeholders

Participants can be drawn from government agencies, industry, community groups, environmental
organizations, First Nations or other groups with expertise to contribute or who will be affected by
management decisions. The mix and quality of participantsis critical to workshop success. Participants
should not only have relevant expertise, but should also be creative, innovative thinkers.

2. Define the initial scope of the problem and key problem features.
(e.g., spatial and temporal scale, range of factors to consider, key indicators)

o This can help keep the workshop on track.

o For some problems it also may be useful to summarize existing, accepted knowledge about the
system. Thiscan "jump start” the process and minimize time spent on issues about which their is
already general agreement.

o Itiscritica that participants not feel constrained by this initial problem scoping;
leaderg/facilitators must be prepared to alter or abandon any boundaries or framework
developed prior to the workshop.

o Insome cases, the scope of the problem will be influenced by land-use decisions made by other
bodies (e.g., LRMPs). Decisions made by AEAM participants should not conflict with or
supersede those made by other decision-making bodies.

During the workshop(s):
In the group as a whole:

3. Define scope of problem (see section 1).

o The participants in the workshop should have the opportunity to revise the scope defined by the
facilitator(s) and project leader(s) prior to the workshop, to ensure that issues of concern are
addressed. Thisisthefirst step in building a common understanding of the problem.

4. Define measurable management objectives (see section 1)
5. Identify key indicators for each objective (see section 1).

6. | dentify possible management actions (see section 1).

12



I ntroductory guide to adaptive management

Actions andindicators are then grouped into logical sub-groups (e.g., based ontheme or scale).
Participarts are assgned to these sub-groups based the knoMedge and skill sthey @n contribute. In
each sub-group

7. Draw impact hypothesis diagrams (for given group d actions andindicators).

e These"box and arrow" diagrams outline the linkages between management actions and
indicators and represent a synthesis of existing knowledge on each subsystem.

o Impact hypothesis diagrams are not intended to show detailed links between all components of
the system - only those that affect management outcomes/decisions.
8. ldentify and assess key information gaps (see section 1).

o Evaluate linksin impact hypothesis diagram, considering: quality of existing information, level
of influence on outcome, feasibility of filling information gap. One suggested system for
assessing aternative hypothesesis:

1. unlikely, not worth testing
2. dready tested

3. possible, too difficult to test
4. uncertain, research needed
5. likely, worth testing

Work in sub-groups alternates with dscussonin plenary sessons. This ensures that the sub-groups
understand and haea chanceto comment on each ather's assumptions, and ensures that the diagrams
form a coherent whole. "Outputs’ of one diagramwill be"inpus’ to andher.

9. Modify an existing simulation model or develop a new one.

e In some cases there may be an existing model that captures the relevant pathways and
conceptual model expressed in step 7 above. |If so, thismodel can be used to explore aternative
actions. If asuitable model is not available, develop a new one based on the impact hypothesis
diagrams.

e While acrude model can be developed in the workshop, typically it will have to be refined
before it can be used for exploring scenarios and forecasting outcomes.
10. Test and validate the model; do sensitivity analysis on model parameters.
e Test model to determine how sensitive outcomes are to variations in model parameters.
« Senditivity analysis helps narrow in on those areas of uncertainty that most affect management
outcomes.
11. Explore alternative scenarios’management options.
o Develop arange of plausible management options.
o Usethe modd to explore the effects of these options on indicators.
e This"gaming" with the model is usually done in the group as awhole.

13
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12. Make explicit predictions about response of indicators (see section 1).

A reminder: AEAM isan iterative process- not sequential assummarized above. The model will
be continuoudly refined and tested, new options developed and explored, and new predictions

made.

The AEAM process should provide participants with:

a common understanding of the problem;

alist of key indicators;

documented assumptions about how the system functions, how variables respond (i.e., the
model);

predictions about the effects of aternative management actions;

alist of key uncertaintiesin model parameters and relationships (i.e., those that have most
influence on outcomes);

alist of plausible alternative hypotheses that should be tested, in order to improve understanding
of system behaviour and its representation in the model, and thus improve management
decisions,

an idea of what "probing actions' can be taken to test these alternative hypotheses.

14
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APPENDIX 2

What are likely to be the main barriers to adaptive management?

An important component of any adaptive management plan will be to anticipate potential problems
and devise strategies for avoiding, minimizing or overcoming them. In the Table below we list some
potential barriers, the steps they will likely affect, and some potential solutions. To some extent the
barriers that arise will depend on the characteristics (e.g., scale, complexity) of the management issue.

It is also important to note that some of these barrier are not unique to adaptive management.

Potential Barriers

Steps
affected

Comments/Potential solutions

1. additional costs

(e.g., for model development, layout,
monitoring)

all

« identify designs and monitoring schemes that offer best
trade-off between cost and effectiveness (i.e., using
decision analysis)

« compare potential cost: benefit of adaptive management to
that of conventional management (i.e., assess the potential
long-term cost of implementing "wrong" or ineffective
practices)

« consider using volunteers for some aspects of monitoring
and layout

« develop cheaper measurement techniques that still provide
reliable information

« identify cost-sharing partnerships

2. designing power ful experiments

(potentia constraints on design include: long
response times, large spatial scales, high
variability between sites, high variability in
measurements)

2,5

« useaternative methods of statistical analysis (e.g.,
Bayesian dtatistics)

« draw on other sources of knowledge to help interpret
results (e.g., retrospective studies, descriptive studies,
process research, local knowledge)

« designsthat arelessthan ideal may still provide useful
information - consider consequences of relaxing design
rules and accepting lower levels of precision, confidencein
results

« lack of powerful design does not preclude adaptive
management - it just makes interpretation of results more
difficult

3. reluctanceto" experiment” with high
value, thr eatened ecosystems

e Usequantitative methods of risk analysis to assess and
compare alternative designs/options

« passive approaches may be lessrisky than active
approaches in some circumstances

o testrisky actionsin small, pilot studiesor in "less
valuable" areas before applying them more widdly

« design contingency plans (e.g., halt or adjust treatments
when indicators reach predetermined "thresholds of
acceptable change")

« monitor some indicators that respond quickly, or that are
particularly sensitive to change (e.g., behavioura changes
may precede population changes)

« recognize that the risk of managing in continued
ignoranceis also high
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maintaining continuity of funding,
support, staff over thelong term

(despite changesin poaliti cal and
ewnomic dimates)

all,

espedally
4,5

establi sh redlistic expedations (so the projed isn't
prematurely judged to have "failed")

document assumptions, objedives, treatments, sites etc.,
and ensure that information is accessble (e.g., Sites,
treatments, status could be mapped on GIS map layers and
stored eledronically and as hard copy maps)

document and communicate interim results and
knowledge gains

write formal plan that: states |ong-term schedule of
treatments, monitoring, evaluation; assgns responsibility
for tasks to spedfic individuals or positions

generate local support and sense of ownership in projed
beyond government agencies (e.g., by incorporating into
regional plans, through public education and involvement)
have outgoing staff train incoming staff (overlap
"employment windows")

if posdble, design plans to weather interruptionsin
funding (so that you can still get some information if
funding is reduced)

ensure funding is reserved at the time of initial harvest,
perhaps as a bond posted as a conditi on of harvesting

logistics of callecting, storing,
analyzing data so that it is accessible
over thelong term

4,5

develop explicit, written plan for handling data (e.g., who
isresponsible for tasks, storage format, acces9
awell-designed, focused monitoring program will
minimize the amount of datathat is generated

integrate data from adaptive management with other
standard databases

regulatory and ingtitutional
inflexibility

(real or percaved)

1,25

for someisaies, the FPC provides enough flexibility to test
arange of treatments

the FPC states minimum standards-and does not prevent
testing of practices that exceal them

analysis of past management actions will often provide
information on response at one end of arange

"ingtitutional inertia"

(reluctanceto change practices, objedives
or opinions; barriersto quick response;
prior commitment to certain course of
action)

get commitment from all participants, at outset

ensure good, ongoing communication between those who
make dedsions and those who implement and evaluate
them

delegate ded sion-making authority to those as close to the
ground as posshble (but with chedks and balances)

get agreement at outset on how potential results will
change objedives, or practices

sense of ownership in projed will enhancewilli ngnessto
change on basis of results

pressureto alter plansor poor
under standing of how to implement
plans

involve range of stakeholders, agencies from the outset
involve operations gaff or contractors responsible for
implementing plansin assessment and design phases
anticipate potential presauresthat may arise to alter plans
and agreeon response; will it compromise the projed?

fear of admitting uncertainty, making
mistakes, trying new solutions

all

define “learning how to manage better” as one
management objedive

build public trust through education, public involvement in
process

reward learning and innovation in performance evaluations
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10. unclear, inconsigtent definition of geda”y . gi;r;te adaptive management clearly and consistently at the
adaptive management and how it 1 . reinforce and repeat the definition throughout the process

should carried out « correct misinterpretations when they arise
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APPENDIX 3

Definitions

Indicators. - measures of system behaviour in terms of meaningful and perceptible &tributes
- what do we redly neal to know in order to make adedasion?
- what do we need to measure to determine if management objedives have been met?
- dlow us to asessalternatives, weigh options

Actions: - adivities to be onsdered in asssanent of alternatives

Hypotheses: - predictions about how one or more indicaors will respond to management adions
- dternative explanations for the medhanisms that underlie observed responses
- the most useful hypotheses gate the degree of response, or describe the response over
arange of conditions; hypotheses that state only whether an indicaor will or won't
respond to atreament are lessuseful for dedding between aternative @murses of adion,
or making informed trade-offs

Passive adaptive management:
- managers sled the "best" management option, assuming that the model on which the
predictions are based is corred.

Active adaptive management:
- managers design pradices 9 asto discriminate between aternative models, and thus
reved the "best" management adion. This smetimes involves testing pradices that
differ from "normal”, in order to determine how indicators will respond over arange of
conditions.

Both passve and adive alaptive management require caeful implementation,
monitoring, evaluation of results, and adjustment of objedives and pradices. Active
adaptive management usually allows more reliable interpretation of results, and leals to
more rapid leaning.

Key References on Adaptive Management
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Raiffa, H. 1968 Dedsion Analysis. Introductory Ledures on Choices Under Uncertainty. Addison-
Wedley, Don Mill's, Ont. 875 pp

Sit, V. and B. Taylor, editors. 1998 Statisticd methods for adaptive management studies. Land
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QUICK REFERENCE:

Steps in adaptive management

1. Assess Problem

Define scope of management problem.

Define measurable management objectives.

I dentify key indicators for each objective.

Explore effects of alternative actions on indicators

Make explicit forecasts about responses of indicators to management actions
| dentify and assess key gaps in understanding.

2. Design (management plan)

Design management plan that will provide reliable feedback and fill gaps in understanding.
Evaluate management options/aternative designs, and choose one to implement.

Design monitoring protocol.

Plan data management and analysis.

State how management actions or objectives will be adjusted.

Set up system to communicate results and information.

3. Implement

o Follow the plan!
¢ Monitor implementation and document any deviations from plan.

4. Monitor

o Monitor for: implementation, effectiveness, validation and surprises.
o Follow the monitoring protocol designed in Step 2.

5. Evaluate/ Adjust

o Compare actual outcomes to forecasts made in Step 1.
o Document results and communicate them to others facing similar management issues.

6. Adjust

o ldentify where uncertainties have been reduces and where they remain unresolved.

o Adjust the model used to forecast outcomes, so that it reflects the hypothesis supported by
results.

o Adjust management actions and reevaluate objectives as necessary.

o Make new predictions, design new management experiments, test new options...repeat cycle.
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Document plans and communicate results

o Document al major stepsin the process.

o Ensurethat information is accessible over the long term.

o Define who is responsible for co-ordinating and for carrying out each task.
o Set timelinesfor carrying out each task or part of project.

o Distribute interim an final results.

Create Success

o Create an aimosphere and promote an attitude that is conducive to long-term learning.

o Ensurethat all participants have a clear, consistent understanding of adaptive management.
o Build contingency plansinto project.

» Anticipate potential barriers and develop strategies for overcoming or minimizing them.
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